Although most spindles were multipolar after RanBP2 edented [11]. Particularly, this phenotype is again reminiscent of the defects observed in Hec1-depleted cells, depletion, there was a striking similarity among the bipolar spindles formed in RanBP2-, Hec1-, and Nuf2-which fail to accumulate detectable levels of Mad1 and Mad2 at their kinetochores yet mitotically arrest in a depleted RGG cells (Figures 1 and S1 ). Under all three conditions, spindles were longer than those of control Mad2-dependent fashion [11]. Our findings are largely consistent with those of Salicells with unaligned chromosomes: cells transfected with control oligonucleotides showed an average innas et al.
Figure 1. Hec1 and Nuf2 Are Required for RanGAP1-RanBP2 Complex Localization
HeLa cells were transfected with siRNA oligonucleotides specific for Hec1, Nuf2, and CENP-E for 24-48 hr to knockdown the expression of indicated proteins. Depletion of Hec1, Nuf2, and CENP-E could be achieved after 48 hr, as evidenced by the undetectable levels of these proteins at kinetochores in cognate RNAi-treated cells as compared to control RNAi-treated cells (data not shown). Cells were fixed as described in the Supplemental Experimental Procedures. Kinetochore localization of RanGAP1 (red) was examined by using specific antibodies. The microtubules were visualized with anti-␣-tubulin (green) and DNA with DAPI (blue).
RanGAP1 and RanBP2 were found at kinetochores of GAP1-RanBP2 complex did not accumulate on kinetochores prior to MT attachment. This could be clearly aligned chromosomes, whereas kinetochores of unattached chromosomes lacked detectable staining (Figure seen through the mutually exclusive localization of Ran-GAP1 and Mad1 ( Figure 2C ) [12] . Mad1 localized to both 1, data not shown). In the absence of CENP-E function, MT-kinetochore attachment is achieved, although the kinetochores on a fully unattached chromosome, while RanGAP1 bound neither ( Figure 2C , insert 1). The mutunumber of kinetochore MTs is decreased and tension on kinetochores is compromised [9] . Notably, neither ally exclusive localization of RanGAP1 and Mad1 was even more apparent in the case of a chromosome that RanGAP1 nor RanBP2 was displaced as a result of decreased kinetochore tension after loss of CENP-E. Conhad a single MT-attached sister kinetochore ( Figure 2C , insert 2): Mad1 was found only on the unattached sister sistent with this observation, RanGAP1 and RanBP2 localized to kinetochores in taxol-treated cells (data not kinetochore, whereas RanGAP1 was found only on the attached sister. Like Mad1, Mad2 showed a distribution shown). Together, these data indicate that RanGAP1 and RanBP2 accumulation at kinetochores is compropattern that was inverse to the RanGAP1 pattern (data not shown). Furthermore, RanBP2 deposition on kinetomised in the absence of MT attachment but does not appear to be sensitive to loss of kinetochore tension. chores was also mutually exclusive to both Mad1 and Mad2 accumulation (data not shown). We further examined the correlation between MT attachment and RanGAP1-RanBP2 complex acquisition These data support the idea that RanGAP1-RanBP2 complex accretion on kinetochores is closely coupled by kinetochores under unperturbed conditions through careful comparison of Mad1 and RanGAP1 localization to MT attachment under unperturbed conditions. It is plausible that MT attachment causes structural changes in untreated HeLa cells. Mad1 and Mad2 are checkpoint proteins that become abundantly associated with unatat the kinetochore that permit stable association of the RanGAP1-RanBP2 complex. Another attractive postached kinetochores in close correlation with spindle checkpoint activation [12] . As reported earlier [13] , Mad1 sibility that is not mutually exclusive with structural changes at kinetochores is that the RanGAP1-RanBP2 (Figure 2A edented [11] . Particularly, this phenotype is again reminiscent of the defects observed in Hec1-depleted cells, depletion, there was a striking similarity among the bipolar spindles formed in RanBP2-, Hec1-, and Nuf2-which fail to accumulate detectable levels of Mad1 and Mad2 at their kinetochores yet mitotically arrest in a depleted RGG cells (Figures 1 and S1 ). Under all three conditions, spindles were longer than those of control Mad2-dependent fashion [11] . 
